ABSTRACT. Degenerative lesions were induced in the knee joint of Wistar rats by intraarticular injection of chondrocyte metabolism inhibitor mono-iodoacetate (MIA) at doses of 0, 0.3 or 3 mg/joint. Histopathological examination and the measurement of hind paw weight ratio as an index of joint pain by incapacitance tester were performed. Histological findings that are similar to those observe d in human osteoarthritis (OA), such as disorganization of chondrocytes, erosion and fibrillation of cartilage surface, and subchondral bon e exposure etc., were observed in a MIA-dose-dependent manner. Saflanin-O fast green staining revealed that marked diffuse reduction of proteoglycan in cartilage tissue of rats treated with MIA. The clinical scores of the joint pain were closely correlated to the grade of histological findings. We conclude that the present experimental model in combination with a novel dual channel weight averager would be very useful for the study of human OA, and could be applied for estimation of therapeutic effect of new anti-OA drugs. KEY WORDS: mono-iodoacetate, osteoarthritis, pain assessment, rat.
Osteoarthritis (OA) is a degenerative joint disease characterized by fibrillation and erosion in cartilage tissue, chondrocyte proliferation and osteophyte formation at the joint margins, and sclerosis of subchondral bone [13] . Reportedly, imbalance occurs between synthetic and degenerative process within chondrocytes that leads to the net loss of cartilage tissue and subsequent pathologic condition [2] . At late stage of human OA, articular damages eventually lead to clinical findings such as joint impairment and pain.
Although human OA-like lesions may occur spontaneously in dogs and mice, they are not appropriate for the evaluation of new anti-OA therapeutic agents because of low incidence and variable onset [5, 16] . There are number of animal OA models that has variety of etiologies such as surgical induction [11, 12, 15] , collagenase-induced [9] , extracellular matrix loss [18, 19] , or impact-induced trauma [10] . However, studies on a new therapeutic drug for human OA and associated pain have been hampered because of the lack of useful animal model that closely mimic the human OA. Some study groups have previously reported that chondrocyte metabolism inhibitor mono-iodoacetate (MIA) have been reported to induce the disruption of glycolysis and subsequent cell death, and the loss of chondrocytes results in histologic changes in the knee joint resembling to human OA [6, 17] . The objective of the present study is to clarify the histopathologic changes in MIA-induced knee joint lesion in the rats and its correlation to the dose of MIA and clinical pain evaluated by dual channel weight averager, with a development trial of non-invasive rat OA model for new drug development.
MATERIALS AND METHODS

Animals:
Seven weeks old female Wistar rats were purchased from Charles River Japan Inc. (Yokohama, Kanagawa) and kept in air-conditioned animal room at 22°C and given tap water and basal diet. All animal experiments were conducted being in line with the guideline for animal handling and welfare in our facilities.
Treatment: Fifty µl of MIA (Wako, Tokyo) solution in saline at concentrations of 0, 6, or 60 mg/ml were intraarticularly injected in right knee, so that dose of MIA in each group was 0, 0.3, and 3 mg/joint, respectively. Left knee of each animal served as saline control.
Histological examination: Fifteen days after MIA injection, rats were anesthetized by diethyl ether and killed. Knee joint were removed and fixed in 10% neutral buffered formalin, decalcified by 10% formic acid, and embedded in paraffin. Five µm sections were stained by hematoxylin and eosin (HE) or saflanin-O fast green. Histopathological change of each animal was quantitatively expressed simply by the summation of individual grade (slight:1, moderate:2, severe:3) for each finding.
Pain assessment: The force exerted by each limb was measured dual channel weight averager (Linton Instrumentation, Norfolk, England) and joint pain was assessed by the distribution changes of weight between right and left hind paw (right/left paw weight ratio). Statistical analysis of paw weight ratio was performed by unpaired t-test using Microsoft Excel 2000 (Microsoft Japan, Tokyo).
RESULTS
Histopathology:
In MIA-treated animals, joint cartilage #)
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of both femoral and tibial bone showed irregular surface that was occasionally accompanied by ulceration and/or fibrillation. Chondrocytes of joint caltilage were pale-staining, hypertrophied and disorganized that resulted in degeneration/necrosis. Regenerative hyperplasia of chondrocyte was not evident. These findings were clearly in a dose-dependent manner. Only in the high dose group (4 of 6 animals), the superficial layer of cartilage tissue was occasionally absent and exposure of subchondral bone was induced. Osteophyte was not present at the joint margins. Synovial cell of MIA-treated rats showed hyperplastic and moderately fibrotic changes accompanied by slight inflammatory cell infiltration. Saflanin-O staining revealed clear, diffuse depletion of proteoglycan in joint cartilage tissues of both femoral and tibial bone (Fig. 1) . The depletion of saflanophilia was more pronounced in high dose group. Treatmentrelated change was not observed in saline-control animals and untreated left knee joint of MIA-given rats. Histopathological findings and pathology score are summarized in Table 1 . Scoring of histological findings further confirmed the tendency of MIA-dose-dependent induction of various lesions ( Table 1) . Summation of all pathology finding scores in saline-control, low-and high-MIA dose group was 0.0 ± 0.0, 8.0 ± 1.4, and 19.3 ± 1.26, respectively (mean ± S.E.).
Pain assessment: Sequential analysis of joint pain revealed statistically significant reduction of right/left paw weight ratio in MIA-treated animals being in a dose-dependent fashion (Fig. 2) . This change become severer with times post MIA injection. Global pathology change scores and average pain index of each animal at day 14 was plotted and showed good correlation (R=0.8089, Fig. 3 ).
DISCUSSION
MIA causes degenerative changes in articular cartilage by direct interference with chondrocyte metabolism [8] and has been used to induce degenerative joint disease in the rat [3] , mouse [8] , and guinea pig [1] . In the present study, MIA injection induced various histological changes closely resembled to human OA, e.g., ulceration and fibrillation of cartilage tissue accompanied by saflanophilic proteoglycan depletion and synovial cell reaction. These changes are mostly in line with the previous report by Guingamp [3] describing the knee joint changes of rats given MIA. Colombo et al. [1] have also reported human-OA like lesions in the rabbits induced by partial lateral meniscectomy. The lesions consisted of various degenerative changes including erosion and fibrillation of cartilage tissue with extensive loss of saflanin-O staining and are generally comparable to the present pathology findings. Exceptionally, osteophyte formation and the chondrocyte proliferation called "clone" or "cluster" which is known to be a characteristic pathology in human OA [1, 3, 13] , were not seen in this study. These findings might be observed in somewhat severer condition or later stages in response to the exposure of subchondral bone tissue and the loss of chondrocytes. We tried to evaluate the pathology of the rats quantitatively by scoring the grade of each finding basically according to the method by Colombo et al. [1] that was applied to evaluate rabbit OA-model. As a result, a good correlation between pathology score and clinical signs was obtained.
The fine reproducibility and quantitative potential, as well as very simple and rapid experimental procedure are considered to be the advantages of this experiment system to study the pathogenesis and anti-OA therapeutics.
One of the most important findings in the present study is both histological and clinical changes were observed clearly in MIA-dose-dependent fashion with relatively slight variation of the parameter among certain dose group. Since we would be able to modify the severity of the lesions by MIA dose, it will be useful for the experimental therapeutic study. In addition, it was noteworthy that saflanophilic proteoglycan, evaluated by simple saflanin-O staining, was markedly decreased in articular cartilage tissue. Since the loss of chondroid tissue is involved in the early stage of the pathogenesis of human OA [2] , cartilage metabolism is a promising therapeutic target of human OA, and this experiment protocol would be useful and simply applied to the development trial of a new anti-OA, chondrocyte protecting drug.
We used dual channel weight averager to assess the joint pain expecting that it could provide an indication of weak perceived pain response. Normal rats distributes their body weight equally between the two hind paws, but when the right (MIA-treated, in this case) hind paw is painful, the rats re-distribute their body weight so that less weight is placed and right/left paw weight ratio would decrease. Likewise, Hay et al. [4] and Tabo et al. [14] previously reported the measurement of weight-bearing by the hind limbs to analyze experimentally induced hyperalgesia and allodynia, using a equipment with two transducer that outputs the weight borne by right and left paw independently. Measurement of the hindlimb withdrawal threshold is a similar way to assess the joint pain [7] , but it is not considered to be the evaluation of spontaneous pain. In this study, right/left paw weight ratio closely correlate to the degree of pathology in knee joint and significant changes in the pain index were seen only at and after 5 days after MIA injection. These results, as well as the fact that paw weight ratio measurement could be done both repeatedly and sequentially, suggest the usefulness of this novel equipment to measure clinically relevant pain.
Here we demonstrated that intraarticular injection of MIA induced human OA-like histopathologic changes and the loss of proteoglycan in cartilage tissue in the knee joint, clearly in a dose-dependent manner, and a dual channel weight averager provides a good pain index being correlated with the degree of pathologic changes. We conclude that this animal model in combination with dual channel weight averager offers a useful tool that could be applied for estimation of therapeutic effect of new anti-OA drugs. The evaluation of the efficacy of a new chondrocyte protect drug is in progress in our laboratory.
